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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of manufacturing the ceramic parts exposed to a corrosive gas. 
[0002] 

[Description of the Prior Art] A halogen system corrosive gas is used as etching gas, cleaning gas, etc. into semiconductor 
fabrication machines and equipment, various kinds of products used for such a use ~ C1F3 and NF3 etc. - since it is exposed to a 
halogen system corrosive gas or its plasma, the corrosion resistance over a halogen system corrosive gas is required A 
substantia-compacta alumina and alumimium nitride are known as the high quality of the material of such corrosion resistance. It 
is indicated by JP,5-251365,A that a substantia-compacta alumina and alumimium nitride have corrosion resistance to a halogen 
system corrosive gas. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention person was developing the various parts for installing in semiconductor 
fabrication machines and equipment with the substantia-compacta alumina. However, the following trouble was encountered in 
this process. For example, in the etching system, when generating plasma using a halogen system corrosive gas, particle occurred 
from the substantia-compacta alumina member. 

[0004] this invention person — a substantia-compacta alumina — after carrying out the grinding process of the front face of a 
member, mirror-polishing processing was carried out, and it washed to this processing side further, having applied brushing 
However, when a halogen system corrosive gas was passed too, particle occurred. 

[0005] The technical problem of this invention is enabling it to suppress generating of the particle at the time of exposure to a 

corrosive gas on the occasion of manufacturing the parts of ceramics exposed to a corrosive gas. 

[0006] 

[Means for Solving the Problem] This inventions are ceramic parts exposed to a corrosive gas, and ceramic parts consist of a 
workpiece of ceramics, the processing side is formed in the particle of the ceramics exposed to the processing side of ceramic 
parts, and they are characterized by the edge of the processing side of each particle having become slow according to the mass 
transfer in the aforementioned particle. 

[0007] Moreover, this invention is the method of manufacturing the ceramic parts exposed to a corrosive gas, and relates to the 
method characterized by obtaining the workpiece of a predetermined configuration and obtaining ceramic parts by heat-treating 
this workpiece by performing a grinding process at least to the front face of ceramics. 

[0008] As a corrosive gas, CF4, NF3, C1F3, and HF, HC1 and HBr can be illustrated. CF4, NF3, and C1F3 In inside, it is C1F3. It 
has corrosive [ strongest ], if especially the degree of dissociation of F radical is high and compares under the same temperature 
and a plasma output. 

[0009] For example, in order to manufacture the member for semiconductor manufacture, the member for semiconductor 
manufacture which has a predetermined configuration and a predetermined size is manufactured by manufacturing the sintered 
compact which consists of a substantia-compacta alumina or alumimium nitride first, and carrying out the grinding process of this 
sintered compact. 

[0010] the case where this invention person exposed for example, the substantia-compacta alumina member to the halogen 
system corrosive gas, and particle occurs — the substantia-compacta alumina — the surface gestalt of a member was observed the 
substantia-compacta alumina before exposing drawing 1 to a halogen system corrosive gas ~ it is the electron microscope 
photograph which shows the ceramic organization of the front face of a member, and drawing 2 is an electron microscope 
photograph which shows the ceramic organization of the front face after exposing the substantia-compacta alumina member of 
drawing 1 to a halogen system corrosive gas this substantia-compacta alumina — on the surface of the member, the processing 
side or the flat side is formed in each particle of the grinding process, and the edge of the processing side of each particle rises 
steeply sharply If the photograph of drawing 2 is seen, it will be thought that corrosion is advancing from the edge of the flat side 
of each particle. 

[001 1] Then, this invention person hit on an idea of heat-treating this workpiece, after getting the workpiece of a predetermined 
configuration by performing a grinding process at least to the front face of a sintered compact. And when the ceramic parts 
obtained in this way were exposed to various corrosive gases, it found out that generating of particle was suppressed remarkably 
and this invention was reached. 
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[001 2] When this invention person observed the front face of the substantia-compacta alumina parts which carried out still in this 
way and were obtained, as shown in drawing 3 , he discovered that the edge of each processing side of each particle exposed to 
the processing side of a workpiece had become slow. And after making the substantia-compacta alumina parts of drawing 3 
expose to a halogen system corrosive gas at an elevated temperature, when the surface state was observed, as shown in drawing 4 
, advance of the corrosion of each particle was suppressed notably. 

[001 3] Based on these knowledge, this invention person considered further the cause of generating of the particle in the 
aforementioned ceramic parts, and acquired the following knowledge. For example, as typically shown in drawing 6 , the front 
face 2 of a sintered compact 3 is a baking side (AZUFA year side). Rotating the rotation grinding stone 1 like Arrow A focusing 
on medial-axis la along this front face 2, it is made to move in the direction of arrow B, and the grinding process of the front face 
2 is carried out. 

[0014] In this way, when the obtained workpiece was exposed to the halogen system corrosive gas, a lot of particle had occurred 
depending on the manufacture lot. By analyzing this particle by EDS (energy-dispersion type spectroscope) showed that 
composition of particle consisted of the same alumina as a sintered compact. Moreover, as shown in drawing 2 , the crevice 
between grain boundaries and the keen edge portion of a spallation particle are observed, and that in which the remarkable 
processing damage remains was presumed. 

[001 5] When the center line average surface roughness (Ra) of the processing side of a workpiece was 0.4 micrometers and this 
workpiece was exposed to the halogen system corrosive gas with this, Ra was going up to 0.6 micrometers. What the micro crack 
generated at the time of processing progresses between exposure to a halogen system corrosive gas, and it exfoliates near the 
micro crack from a processing side, and becomes particle from this result is presumed. 

[0016] This knowledge is explained further, referring to the ** type view of drawing 6 - drawing 8. If the rotation grinding stone 
1 advances as described above, the processing side 4 will generate and particle 5 will occur behind the rotation grinding stone 1 . 
If this processing side 4 is expanded, toward the interior of a surface field shell of the processing side 4, many detailed micro 
cracks 7 are developing, and the crevice 6 remains. This crevice 6 contains what existed in the baking side 2 from the first, and 
the thing produced by defluxion of the particle at the time of a grinding process. 

[00 1 7] When this processing side 4 is exposed to a halogen system corrosive gas, as shown in drawing 7 (a), from the nose of 
cam of each micro crack 7A etc., as shown, for example in 8A, 8B, and 8C, corrosion advances, and there is an inclination which 
micro crack 7 A connects. Consequently, as shown in drawing 7 (b), Particle 9A, 9B, and 9C drops out of a processing side, and is 
considered that the new crevices 1 2A, 1 2B, and 1 2C generate. It is thought that advance of the corrosion by connection of such a 
micro crack etc. will tend to advance with the acute edge and the circumference of the processing side of each particle as the 
starting point if drawing 1 and drawing 2 are contrasted especially. 

[001 8] According to this invention, it is thought by heat-treating a workpiece that promote the mass transfer in near the front face 
of each particle, the edge of the processing side of each particle is dulled, a micro crack which causes particle generating is 
extinguished, and it gets. 

[00 1 9] For this reason, although the heat treatment temperature of a workpiece is influenced by the sintering temperature of the 
sintered compact which is the object of processing, it must be more than the temperature by which mass transfer is started within 
the particle front face exposed on the surface of a workpiece at least, and a particle. 

[0020] Specifically, it is the sintering temperature of a sintered compact TO When it carries out, it is desirable to carry out 
temperature of heat treatment of the above to more than ** (T0-300), and it is much more desirable to carry out to more than ** 
(TO-200). By this, when suppressing generating of particle, mass transfer effective enough advances the front face and inside a 
particle. [ which have been exposed on the surface of a workpiece ] 

[0021] Moreover, it is the temperature of the aforementioned heat treatment TO By considering as the following, it does not 
become few greatly falling [ of the dimensional accuracy of the ceramic parts by size contraction of ceramic parts ] the center line 
depth Rp in a roughness curve too much. It is much more desirable to make the aforementioned heat treatment temperature into 
less than [ TO- 100 degree C ] from this viewpoint. Moreover, you may heat-treat only a front face by laser radiation etc. 
[0022] In addition, invention of raising the mechanical strength of a sintered compact is well-known by heat-treating a 
silicon-carbide sintered compact or a silicon-nitride sintered compact (refer to JP,60-81076,A and JP,61 -178472 A)- However, 
each heat treatment of these sintered compacts is heat treatment for raising the intensity of a silicon carbide or silicon-nitride 
ceramics. And neither a silicon carbide nor a silicon nitride has the corrosion resistance over a corrosive gas, and the corrosion 
resistance over an especially hot halogen system corrosive gas, therefore cannot apply them to the ceramic parts which are the 
objects of this invention. 

[0023] Although a keen edge looks [ show / although this invention person did the grinding process of the substantia-compacta 

alumina sintered compact and observed it with the electron microscope / in drawing 1 ] sure to the surroundings of the processing 

side of each particle, it is hardly visible in itself / micro crack /. However, when this workpiece is heated at 1 200 degrees C, the 

particle of a fine crack or a large number can come to be seen. The residual stress near that the micro crack progressed a little and 

has actualized or the processing side actualizes, and this is considered [ that a crack is occurring and ]. 

[0024] In the ceramic parts of this invention, it is desirable that the radius of curvature of the edge of the processing side of the 

particle exposed to the front face is especially 0. 1 micrometers or more. This upper limit is 2 micrometers actually. 

[0025] Moreover, it is desirable that the center line average surface roughness (Ra) of the processing side of ceramic parts is 

especially 1 micrometer or less, and there is an inclination for the corrosion resistance over a halogen system corrosive gas to 

improve further by this. Moreover, it is desirable to set the center line depth Rp in the roughness curve of the processing side of 
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ceramic parts to 1 .5 micrometers or less. Progress of the micro crack from the wall surface in a crevice is too suppressed by this. 
[0026] The center line depth Rp in a roughness curve is explained. The roughness curve of the aforementioned processing side is 
obtained and the center line of this roughness curve is searched for. A straight line to which the area of the field which is parallel 
and is surrounded by a center line and the roughness curve to the average line of a roughness curve is the both sides of a center 
line, and becomes equal is called center line. When only the section of criteria length samples a roughness curve, the center line 
depth in a roughness curve is seen from a center line in the section, and means a distance lengthwise [ from the No. 1 summit of 
the mountain to a center line ]. 

[0027] Although the whole ceramic part of this invention does not need to consist of ceramics containing aluminum, as for the 
portion of ceramic parts which contacts to a halogen system corrosive gas at least, consisting of ceramics containing aluminum is 
desirable. 

[0028] Active mold equipment like the arrangement of electrode for RF generating which laid the electrode for plasma generating 
underground into the ceramic heater which laid the resistance heating element underground into the base material which consists 
of ceramics containing aluminum as a candidate for application of the ceramic parts of this invention, the ceramic static chuck 
which laid the electrode for electrostatic chucks underground into the base material, the heater with an electrostatic chuck which 
laid the resistance heating element and the electrode for electrostatic chucks underground into the base material, and the base 
material can illustrate. 

[0029] Moreover, it is applicable to the lift pin for supporting the dome for generating the tube for generating a dummy wafer, a 
shadow ring, and RF plasma for the ceramic parts of this invention, and RF plasma, a RF transparency aperture, an infrared 
transparency aperture, and a semiconductor wafer, and a shower board. Moreover, the arm for holding above active mold 
equipment in the predetermined part in semiconductor fabrication machines and equipment can be illustrated. 
[0030] Moreover, heat treatment can be presented with a workpiece in this invention, without giving mirror-polishing processing 
to this processing side, after performing a grinding process to a sintered compact and forming a processing side. In this case, 
moreover, particle can be suppressed remarkably, without carrying out rnirror-polishing processing of high cost. 
[0031] 

[Example] Hereafter, a still more concrete experimental result is described. 

(Manufacture of a substantia-compacta alumina sintered compact) To the alumina powder 100 weight section of 0.5 micrometers 
of mean particle diameters, the water of 60 weight sections was added, mixture was obtained, this mixture was mixed by attritor 
for 3 hours, and the slurry was obtained. To this slurry, the polyvinyl alcohol of the amount equivalent to 2 weight sections was 
added, this slurry was corned by the spray dryer to it, and the spherical granulation particle was obtained to it. 
[0032] The interior of a rubber die is filled up with a granulation particle, and it is 2 3t/cm by the cold isostatic-press method. It 
fabricated by the pressure and the Plastic solid was obtained. The obtained Plastic solid was heated to 500 degrees C of maximum 
temperatures by the 20 degrees C [/hour ] prograrnming rate in air atmosphere, it held at 500 degrees C for 1 5 hours, and the 
degreasing object was acquired. This degreasing object was held at 1600 degrees C among air atmosphere for 3 hours, and the 
sintered compact was obtained. 

[0033] Ra of a sintered compact was 1.4-2.7 micrometers, and Rp was 3.8-9.6 micrometers. 

[0034] (Example 1 of comparison) The grinding process of this sintered compact was carried out using the diamond rotation 
grinding stone, and the workpiece of a monotonous configuration was obtained. About this workpiece, porosity was measured by 
the Archimedes method and the center line depth Rp in center line average surface roughness (Ra) and a roughness curve was 
measured with the surface roughness meter. 

[0035] Moreover, the test piece of a workpiece is held in the interior of the chamber for semiconductor fabrication machines and 
equipment, and it is NF3 at the temperature of 400 degrees C. Plasma was generated using gas and the test piece was made to 
expose into plasma for 10 hours. The semiconductor wafer by which mirror polishing was carried out is pushed to the test piece 
after being exposed to plasma, and it is 2 50g/cm. The load was added. By the semiconductor plant, common wafer dust test 
equipment was used and the amount of the particle adhering to the mirror plane of this semiconductor wafer was measured. 
[0036] Experientially, the amount of the particle detected by the above-mentioned test method from a semiconductor wafer is 2 
30 pieces/cm. If it is the following, since the poor semiconductor by particle will not be generated, it is 2 30 pieces/cm. The 
following was used as the accepted product. Furthermore, NF3 It gazed at the ceramic organization of the front face of each 
workpiece before and after exposing to gas with the electron microscope, and the result was shown in drawing 1 and drawing 2 . 
[0037] Consequently, the porosity of a workpiece was 0.05%, Ra was 0.4 micrometers, and Rp was 0.7 micrometers. The radius 
of curvature of the edge of the processing side of a particle was 0.04 micrometers, the amount of particle ~ 1 20 piece/cm2 it was . 

[0038] (Example 1 of this invention) The workpiece of the example 1 of comparison was heated to 1200 degrees C of maximum 
temperatures by the 200 degrees C [/hour ] programming rate in air atmosphere, and was held at 1200 degrees C for 3 hours, and 
ceramic parts were obtained. The porosity of this ceramic part was 0.05%, Ra was 0.4 micrometers, and Rp was 0.7 micrometers. 
The radius of curvature of the edge of the processing side of a particle was 0.07 micrometers, the amount of particle ~ 60 
piece/cm2 it was . When the front face of this ceramic part is observed with an electron microscope, the particle of a fine crack or 
a large number can be seen. 

[0039] (Example 2 of this invention) The workpiece of the example 1 of comparison was heated to 1 300 degrees C of maximum 
temperatures by the 200 degrees C [/hour ] programming rate in air atmosphere, and was held at 1300 degrees C for 3 hours, and 
ceramic parts were obtained. 
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% [0040] The porosity of this ceramic part was 0.05%, Ra was 0.4 micrometers, and Rp was 0.9 micrometers. The radius of 
curvature of the edge of the processing side of a particle was 0. 1 3 micrometers, the amount of particle ~ 30 piece/cm2 it was . 
The electron microscope photograph of the ceramic organization of the processing side of this ceramic part is shown in drawing 5 
. The fine particle which was being actualized to the processing side of the ceramic parts heat-treated and obtained at 1200 
degrees C sinters, and slowdown of the edge of each particle is advancing so that it may understand from now on. 
[0041] (Example 3 of this invention) The workpiece of the example 1 of comparison was heated to 1500 degrees C of maximum 
temperatures by the 200 degrees C [/hour ] programming rate in air atmosphere, and was held at 1 500 degrees C for 3 hours, and 
ceramic parts were obtained. 

[0042] The porosity of this ceramic part was 0.05%, Ra was 0.4 micrometers, and Rp was 1 . 1 micrometers. The radius of 
curvature of the edge of the processing side of a particle was 0.8 micrometers, the amount of particle — 10 piece/cm2 it was . The 
electron microscope photograph of the ceramic organization of the processing side of this ceramic part is shown in drawing 3 . 
Moreover, it is NF3 about this ceramic part. The electron microscope photograph of the ceramic organization of a processing side 
after being exposed to gas is shown in drawing 4 . 

[0043] (Example 4 of this invention) The workpiece of the example 1 of comparison was heated to 1600 degrees C of maximum 
temperatures by the 200 degrees C [/hour ] programming rate in air atmosphere, and was held at 1600 degrees C for 3 hours, and 
ceramic parts were obtained. The porosity of this ceramic part was 0.05%, Ra was 0.4 micrometers, and Rp was 1 .4 micrometers. 
The radius of curvature of the edge of the processing side of a particle was 1 .3 micrometers, the amount of particle — 5 piece/cm2 
it was . 

[0044] (Example 5 of this invention) The workpiece of the example 1 of comparison was heated to 1700 degrees C of maximum 
temperatures by the 200 degrees C [/hour ] programming rate in air atmosphere, and was held at 1700 degrees C for 3 hours, and 
ceramic parts were obtained. The porosity of this ceramic part is 0.04%, Ra is 0.4 micrometers, and Rp was increasing to 3.5 
micrometers. The radius of curvature of the edge of the processing side of a particle was 1 .9 micrometers, the amount of particle 
— 4 piece/cm2 it was . 

[0045] (Manufacture of an alumimium nitride sintered compact) It is 0. 1 % of the weight of Y2 03 to the alumirnium nitride 
powder whose oxygen content 1 .3 or less % of the weight and a cation impurity are 0.5 micrometers of mean particle diameters, 
and is 0.3 or less % of the weight. Powder was added. Wet blending of this end of mixed powder was carried out with the 
trommel for 3 hours or more using the organic solvent, and the slurry was obtained. The obtained slurry was corned by the spray 
dryer and granulatio powder was obtained. It is this granulatio powder Compacting-pressure 200 kg/cm2 Press forming was 
carried out, the Plastic solid was obtained, hotpress baking of this Plastic solid was carried out with compacting-pressure 200 
kg/cm2 and the burning temperature of 1 800 degrees C, and the sintered compact was obtained. 
[0046] Ra of this sintered compact was 1 .2-2.5 micrometers, and Rp was 1.9-5.6 micrometers. 

[0047] (Example 2 of comparison) The grinding process of this sintered compact was carried out using the diamond rotation 
grinding stone, and the workpiece of a monotonous configuration was obtained. About this workpiece, porosity was measured by 
the Archimedes method and the center line depth Rp in center line average surface roughness (Ra) and a roughness curve was 
measured with the surface roughness meter. Moreover, it is NF3 as it described above. It was exposed to gas and the amount of 
particle was measured. 

[0048] Consequently, the porosity of a workpiece was 0.01%, Ra was 0.1 micrometers, and Rp was 0.4 micrometers. The radius 
of curvature of the edge of the processing side of a particle was 0.03 micrometers, the amount of particle -210 piece/cm2 it was . 

[0049] (Example 6 of this invention) The workpiece of the example 2 of comparison was heated to 1700 degrees C of maximum 
temperatures by the 200 degrees C [/hour ] programming rate in nitrogen-gas-atmosphere mind, and was held at 1700 degrees C 
for 4 hours, and ceramic parts were obtained. The porosity of this ceramic part was 0.01%, Ra was 0.2 micrometers, and Rp was 
0.6 micrometers. The radius of curvature of the edge of the processing side of a particle was 0.2 micrometers, the amount of 
particle ~ 10 piece/cm2 it was . 
[0050] 

[Effect of the Invention] As stated above, according to this invention, on the occasion of manufacturing the ceramic parts exposed 
to a corrosive gas, generating of the particle at the time of exposure to a corrosive gas can be suppressed. 



[Translation done.] 
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